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© Electric power producing system using molten carbonate type fuel cell. 



® A fuel gas reformed in a reformer (5) is fed to the anode electrode (3a) of a molten carbonate type fuel ceil 
(1) and is used for electrochemical reaction therein, the gas discharged from the anode electrode (3a) is 
intoroduced into a carbon dioxide separator (13) containing an carbon dioxide absorptive liquid to remove carbon 
dioxide gas from the exhaust gas, the separated carbon dioxide gas is fed to the cathode electrode (4a) of the 
fuel cell (1) together with air, and the exhaust gas from which carbon dioxide gas has been removed is 
recirculated to the anode electrode (3a) of the fuel cell (1) via the reformer (5). 



FIG. I 
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ELECTRIC POWER PRODUCING SYSTEM USING MOLTEN CARBONATE TYPE FUEL CELL 

The present invention relates to a method of producing electric power with molten carbonate type fuel 
cell which directly converts chemical energy of fuel to electrical energy, and to an appartatus for carrying 
out the method. 

A molten carbonate type fuel cell device is well known in the art. This particular fuel cell device is 

s composed of a plurality of fuel cells stacked one after another with separators being inserted between two 
•adjacent fuel cells: Each fuel cell comprises a tile (electrolyte plate) of a porous substance filled with an 
electrolyte of a molten carbonate, which tile is sandwiched between a cathode electrode (oxygen plate) and 
an anode electrode (fuel plate), and an oxidizing gas is fed into the cathode electrode while a fuel gas is 
supplied into the anode electrode so as to cause a reaction between the cathode and the anode and to 

10 produce electric power. 

In a case where a hydrocarbon or methanol is employed as a fuel in the electric power-producing 
system using the molten carbonate type fuel cell, first the fuel gas is reformed to a fuel gas and then fed 
into the anode of the fuel cell. 

As the means of reforming the above-mentioned fuel, an externa] reformation type and an internal 

is reformation type are popular in the art. 

As the conventional external reformation type, one typical system is shown in Figure 9 of the 
accompanying drawings, in which a hydrocarbon (natural gas such as methane) that is used as the fuel gas 
to be fed into the anode b of the fuel cell a is first introduced into the reformer d, and then the hydrogen 
(H 2 ) and carbon monoxide (CO) formed therein are introduced into the anode b~as the fuel gas and are 

20 partially consumed for producing electric power. On the other hand, the anode exhaust gas expelled from 
the anode b, as containing the non-reacted methane (ChU), hydrogen (H2) and carbon monoxide (CO) in 
addition tolhe carbon dioxide (CO:) and water (H2O) generated in the fuel ceil 1, is supplied into the 
combustion chamber of the reformer d through a line e and is combusted therein to product a heat 
necessary for reformation of the fuel gasT The CO2 -containing gas exhausted from the combustion chamber 

25 of the reformer d passes through a line f to be combined with air A and is fed to the cathode c to be utilized 
for the cell reaction. 

On the other hand, one typical system of the conventional internal reformation type is shown in Figure 
10. in which the reformer d is built in the fuel cell a so that the heat from the fuel cell a is directly utilized 
for the reforming reaction Tn the reformer d, the anode exhaust gas to be discharged from the anode b is 

30 composed of the same components as thole constituting the anode exhaust gas in the case of the above- 
mentioned external reformation type system and contains the non-reacted ChU. H 2 and CO. The hydrogen 
(H 2 ) is separated from the anode exhaust gas in a hydrogen- separator g and is recirculated to the reformer 
d thorugh a line h via a fuel feed line i to the reformer d while the"" remaining Cl-U, CO and the non- 
separated H 2 are combusted in a catalyst" combusting device i and are fed into the cathode c together with 

35 the air A through a line k (U.S. Patent Serial No. 4,532,192). 

However, in both these external reformation type and internal reformation type systems, the non- 
reformed CH* contained in the gas exhausted from the anode b and CO and H 2 not reacted in the fuel cell 
are combusted and then fed into the cathode c together with the air. Therefore, these systems have a 
drawback that the CH*. CO and H 2 can not be completely utilized in the cell reaction but are combusted to 

40 be converted into a heat energy. Hence, the power-producing efficiencty is poor. In addition, the methane 
(CH*) which, is not reformed in the reformer d would cause a deterioration of the power-producing 
efficiency. Such a deterioration has to be counterbalanced by a certain measure. For this purpose, generally 
an amount of the steam for reformation is increased and the reaction temperature for reformation is 
elevated. Still another problem is that the H 2 and CO not used in the fuel cell would also cause a 

45 depression of the power-producing efficiency. If the utilization factor of those gases is raised, the cell 
potential would drop, and therefore, a part of these H 2 , and CO are inevitable to remain as they are not 
used. Moreover, there is still another problem that the non-combusted gas from the fuel cell contains 
carbon dioxide gas which is a low caloric gas. Therefore, an expensive catalyst combustion device is 
necessary for combusting the gases. 

so One object of the present invention is to improve the power-producing efficiency of a fuel cell, in which 
the anode exhaust gas as exhausted from the anode electrode of the cell is introduced into the reformer, 
after carbon dioxide gas has been removed from the exhaust gas. and then recirculated into the anode of 
the fuel celL 

Another obj ct of the present invention is to provide a system of a fuel cell, in which the carbon dioxide 
gas as removed from the anode exhaust gas is fed to the cathode electrode together with air. 
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According to one aspect of the present invention, there is provided a method of producing electric 
power with a molten carbonate type fuel cell wherein an anode gas is fed into the anode chamber of the 
fuel cell and a cathode gas into the cathode chamber thereof, which comprises the steps of: 
separating carbon dioxide gas from th anode exhaust gas as exhausted from the anode chamber; 
5 recirculating the anode exhaust gas. from which carbon dioxide gas has been removed in the above step, 
into the anode chamber as an anode gas; and 

feeding the carbon dioxide gas as separated from the anode exhaust gas into the cathode chanber as a 
cathode gas. 

In accordance with the present invention, there is also provided an electrical energy producing 
to apparatus comprising: 

a plurality of molten carbonate type fuel cells, each fuel cell including a molten carbonate-containging 
electrolyte tile sandwiched between an anode electrode and a cathode electrode both of which electrodes 
being respectively provided with an anode chamber and a cathode chamber for feeding an anode gas and a 
cathode gas thereto; 

is an anode gas feed line and an anode exhaust gas line connected with the inlet and outlet of the anode 
chamber of the fuel cell for feeding and exhausting the anode gas thereinto and therefrom respectively; 
a cathode gas feed line and a cathode exhaust line connected with the inlet and the outlet of the cathode 
chamber of the fuel cell for feeding and discharging the cathode gas thereinto and therefrom, respectively; 
means for feeding a fuel gas and a steam into the anode gas feed line; 

20 a reformer for reforming the fuel gas with a steam, as connected with the anode gas feed line; 

a carbon dioxide gas separator for removing carbon dioxide gas from the anode exhaust gas in the anode 
exhaust gas line; 

a circulation line for recirculating into the reformer the anode exhaust gas from which carbon dioxide gas 
has been removed in the carbon dioxide gas separator; and 
25 means for feeding into the cathode gas feed line the carbon dioxide gas as separated in the carbon dioxid 
separator. 

In this system, the carbon dioxide gas separator may have a carbon dioxide gas absorber, which 
includes a solution containing alkali salt or amine as a carbon dioxide gas absorptive liquid, and an 
absorbed liquid regenerator. 

30 In the sytem, the fuel gas as reformed in the reformer is fed into the anode of the molten carbonate 
type fuel cell and is used for electrochemical reaction. The anode exhaust gas exhausted from the anode 
electrode is introduced into the carbon dioxide separator in which the carbon dioxide is separatred from the 
exhaust gas. The thus separated carbon dioxide gas is fed into the cathode of the fuel cell together with air, 
whereras the anode exhaust gas from which carbon dioxide gas has been removed is recirculated to the 

35 fuel cell via the reformer. The reformer may be either such that almost all the anode exhaust gas is 
introduced thereinto so as to heat the reforming part or such that the cathode exhaust gas of the fuel ceil is 
introduced thereinto to give the heat necessary for reformation. That is, the reformer may be either such a 
type having no combustion chamber or a type having a combustion chamber. Furthermore, the reformer 
may be type integrally provided to the fuel cell. i. e., the reformer used in the internal reformation tyep fuel 

40 cell. Provision of a shift reactor in the carbon dioxide separator in the course of the line for intoroducing the 
anode exhasut gas thereinto is preferred in order to facilitate the separation of carbon dioxide gas in the 
separator. Further, it is also preferred to provide means for combusting a part of the anode exhaust gas 
from the carbon dioxide separator in the cumbustion device and thereafter introducing the gas into the 
cathode of the fuel cell, since the temperature of the cathode may be elevated. 

45 The anode exhaust gas discharged from the anode electrode contains carbon dioxide gas and water 
generated in the fuel cell, in addition to the non-used fuel, hydrogen and carbon monoxide. However, since 
almost all the carbon dioxide gas is separated from the exhaust gas and is fed into the cathode together 
with air and since the anode exhaust gas from which carbon dioxide gas has been removed is recirculated 
to the anode via the reformer, the fuel which is not used in the fuel cell can be completely and effectively 

so consumed and therefore the power-generating efficiency is improved. 

Figure 1 is a systematic diagram showing one embodiment of the electric power-producing molten 
carbonate type fuel cell system of the present invention; 

Figure 2 is a schematic view of the reformer as used in Figure 1 ; 

Figures 3 and 4 are system diagrams of other embodiments according to the present invention 
55 respectively; 

Figures 5, 6 and 7 are outline views to show other types of the reformer applicable to the present 
invention resp ctively; 

Figure 8 is a system diagram illustrating one embodiment of the electric power-producing molten 



3 



EP 0 376 219 A1 

carbonate employs the reformer shown in Figure t; 

Figure 9 is a schematic diagram showing a conventional external reformation type electric power- 
producing fuel cell system; and 

Figure 10 is a schematic diagram showing a conventional internal reformation type electric power- 
s producing fuel cell system. 

Now, preferred embodiments of the present ivention will be explained with reference to the attached 
drawings. 

In Figure 1. numeral 1 designates a molten carbonate type fuel cell in which a molten carbonate- 
inpregnated tile 2 is sandwiched by an anode electrode 3a and a cathode electrode 4a. Both plates 3a and 

io 4a have an anode chamber 3 and a cathode chamber 4 respectively. Numeral 5 designates a reformer in 
which the anode exhaust gas releases a heat necessasry for reformation and the fuel gas is thereby 
reformed to an anode gas. The reformer 5 is. as shown in Figure 2. filled with reforming catalyst 5a, and the 
above-mentioned exhaust gas releases a heat sufficient to maintain the reforming reaction. Numeral 6 
denotes a heater provided in the course of a feed line 7 for fuel gas and steam. Numeral 8 is a line for 

js feeding the anode gas reformed in the feformer 5 to the anode chamber 3. Numeral 9 designates an anode 
exhaust gas line extending from the anode chamber 3. Numeral 10 is an anode exhaust gas branch line 
which is branched from the anode gas line 9 so as to introduce the anode exhaust gas to the inlet of 
reformer 5 thereby to impart the necessary heat hereto. Numeral 1 1 is a cooler provided downstream of the 
connected point of the branch line 10 with the anode exhaust gas line 9. Numeral 12 is a condenser 

20 provided in the anode exhaust gas line 9 downstream of the cooler 11. Numeral 13 is a carbon dioxide gas 
separator. The carbon dioxide gas separator 13 is. as one example, composed of an abosorption column 
13a for absorbing carbon dioxide by a carbon dioxide gas absorber, a regeneration column 13b for 
regenerating the aqueous diethanoiamine, an aqueous amine solution feed line 13c for feeding the aqueous 
diethanolamine solution to the regeneration column 13b, and an aqueous amine solution recirculation line 

25 13d for recirculating to the absorption column 13a the aqueous diethanolamine solution as regenerated in 
the regeneration column 13b. The carbon dioxide gas absorber may be an aquenous diethanolamine 
solution, aqueous alkali salt solution such as potassium carbonate or a mixture of such solutions. 

Numeral 14 is a circulation gas line for recirculating the remaining gases such as methane and 
hydrogen, which are taken out from the absorption column 13c after carbon dioxide gas has been removed 

30 in the carbon dioxide separator 13, to the upstream of the heater 6 as provided in the fuel and steam feed, 
line 7. Numeral 15 is a gas heater as provided in the course of the circulation gas line 14. Numeral 16 is an 
air feed duct as connected to the bottom of the regeneration column 13b of the carbon dioxide gas 
separator 13. Numeral 17 is an air feed line for taking out from the regeneration column 130 the carbon 
dioxide gas-containging air as separated in carbon dioxide gas separator 13 and feeding the same to the 

35 cathode chamber 4 of the fuel cell 1. Numeral 18 is an air heater as provided in the course of the carbon 
dioxide gas feed line 17. Numeral 19 is a water-treating boiler. Numeral 20 is a line for conveying the water 
from the condenser 12 to the water-treating boiler 19. Numeral 21 is a steam feed line for conveying the 
steam as separated in the water-treating boiler 19 and over-heated in a heater to an over-heated steam to 
an upper stream part of the fuel feed line 7. Numeral 23 is an exhaust line for discharging any excessive 

40 water out of thfe system. Numeral 24 is a cathode exhaust gas line for the gas exhausted from the cathode 
chamber 4 of the fuel cell 1 . 

In one example to described hereunder, methane is employed as the hydrocarbon or alcohol-containing 
fuel gas to be fed into the fuel feed line 7. Methane is pre-heated in the heater 6 and then reformed in the 
reformer 5 to give hydrogen gas. Carbon monoxide gas and methane in the reformer 5 is obtained from the 

45 gas as exhausted from the anode chamber 3 in this example. The anode gas reformed in the reformer 5 is 
introduced into the anode chamber 3 of the fuel cell 1 via the feed line 8 and is utilized for electro-chemical 
reaction therein. The gas to be exhuasted from the anode chamber 3 contains carbon dioxide gas (CO2) 
and water (H2O) which are generated in the fuel cell, in addition to the non-used methane (CHU), hydrogen 
(H 2 ) and carbon monoxide (CO). Most of these gases are transported to the reformer 5 via the anode 

so exhaust gas branch line 1 0 branched from the anode exhaust gas line 9 while a part of the same is led to 
the cooler 11 and the condenser 12 via the anode exhaust gas line 9 whereupon the gas fraction is 
introduced into the absorber 13a of the carbon dioxide gas separator 13. Most of the carbon dioxide gas 
among the gas fraction transmitted into the absorber 13a is absorbed in the aqueous diethanolamine 
solution as- being brought into contact therewith in the absorber 13a and is thereby removed, while the 

55 gases remaining after separation of the carbon dioxide gas which contain methane, a trace amount of 
carbone dioxide and hydrogen are taken out from the top of the absorber 13a through the residual gas line 
14. preheated in the circulation gas heater 15, transported to the upper stream of the heater 6. reformed to 
an anode gas in the reformer 5 and thereafter transported to the anode chamber 3 of the fuel cell 1 in which 
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the gas undergoes the cell reaction. Accordingly, the electric power producing efficiency is rais d. The 
aqueous amine solution which has absorbed the carbon dioxide gas in the absorption column 13a is fed to 
the regeneration column 1 3b via th aqueous amine solution feed line 1 3c, in which th carbon dioxide gas 
is stripped with the air supplied from the air feed duct 16 and the aqueous amine solution from which the 

5 carbone dioxide gas has been removed is recirculated to the absorption column 13a via the aqueous amine 
solution recirculation line 13d and is used therein for absorbing carbon dioxide gas. The air which has 
contained carbon dioxide gas in the regeneration column 13b is preheated in the air preheater 18 and then 
supplied into the cathode chamber 4 of the fuel ceil 1 , in which the oxygen gas and carbon dioxide gas are 
utilized for electrochemical reaction. 

jo The water separated in the condenser 12 is transported to the water-treating boiler 19 via the line 20 
whereas the steam is heated to a steam by the heater 22 in the steam feed line 21 and introduced into the 
fuel feed line 7 to be utilized in the reformer 5 as a reforming steam. The excessive water in the water 
treating boiler 19 is expelled out of the system via the discharge line 23. 

In accordance with the present invention, as mentioned above, since the non-used methane and 

is hydrogen contained in the anode exhaust gas taken out through the anod exhaust gas line 9 are recovered 
by the carbon dioxide gas separator 13 and is recirculated into the fuel ceil 1 via the reformer 5 to be 
utilized for the electrochemical reaction therein, the power producing efficiency may be noticeably improved 
as compared with the conventional system in which the non-used gases are effectively not utilized in the 
cell reaction but are merely combusted. In this case, it is satisfactory that the methane-reforming efficency 

20 in the reformer 5 be low since the methane can be recycled. Accordingly, the heat from the cell may be 
easily utilized as the heat necessary for the reformation reaction. 

Figure 3 shows another embodiment of the present invention. In this particular embodiment, a shift 
reactor 25 is provided between the cooler 11 and the condenser 12. The other constitution is substantially 
same as that of Figure 1 . 

25 The anode exhaust gas expelled through the anode exhaust gas line 9 contains, as mentioned above. 
H 2 , CO. CO* and H 2 0. CO and H 2 0 among these gases are shift-reacted to H 2 and C0 2 in the shift reactor 
25, while CO2 is separated in the carbon dioxide gas separator 13 and H2 is recirculated to the anode 
chamber 3 via the reformer 5 in the system of Figure 3. Accordingly, the removal of the carbon dioxide gas 
is easily done, and the partial pressure of CO is lowered in. the recirculation line. 

30 Figure 4 shows still another embodiment of the present invention. A part of the residual gases taken out 
from the absorption column 13a, which include methane and hydrogen, is branched from the residual gas 
branch line 26, and introduced into and burned in the combustion device 27 provided in the course of the 
air feed line 17. The resulting combustion gas is transported into the cathode chamber 4. This embodiment 
has various advantages that the temperature of the cathode gas is elevated and the power-producing 

35 efficiency is thereby improved, and accumulation if trace components which would be caused by circulation 
of the anode gas for a long period of time is prevented. 

The system illustrated in Figure 4 is such that the exahust gas from the anode chamber 3 is circulated 
to the reformer 5 via the anone exhaust gas branch line 10 extending from the anode exhaust gas line 9, in 
which the heat from the anode exhaust gas is utilized for the reformation reaction. According to the 

40 experiments by the present inventor where the flow amount of the gas to be circulated to the reformer 5 via 
the anode exhaust gas branch line 10 was made three times as much as that of the gas to be transported 
to the carbon dioxide gas separator 13 through the anode exhaust gas line 9, and the anode outlet 
temperature was 700 degrees C (°C) and the temperature in the fuel feed line 7 was 550 °C, the outlet 
temperature of the reformer 5 was 607 °C and the reformed percentage of methane was 25.7%. 

45 Accordingly, even though the reformded percentage of methane is small, the power-producing efficiency is 
high in the method of the present invention since all the non-reformed methane is recirculated to the 
reformer and is utilized for the cell reaction. 

Only the carbon dioxide gas is removed from the gases intoroduced into the carbon dioxide gas 
separator 13 through the anode exhaust gas line 9. Here, when an aqueous 30 wt% diethanolamine 

50 solution is employed as a solution for absorbing the carbon dioxide gas, 85.8 % of the carbon dioxide gas 
in the anode exhaust gas may be absorbed or removed in the absorption column 13a. The remaining gases 
thus separated include methane, hydrogen, carbon monoxide, carbon dioxide and water and those gases 
are entirely recirculated to the reformer 5. Therefore, there is no fuel loss. When an air which, corresponds 
to the oxygen utilization percentage of 50 % is utilized as the stripping gas in the regenerator column 13b, 

55 all the carbon dioxide gas absorbed in the absorption column 13a can be stripped and transported to the 
cathode 4 together with air. Accordingly, any additional heat for example by steam, is unnecessary for 
regeneration. 

Next the 200 KW-grade power-producing fuel cell system which is driven under normal pressure and 
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which has the constitution shown in Figure 1 was compared with the conventional external reformation type 
fuel cell, and the results are as shown in the Table below. 



jo 
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Conventional External 
Reformation Type Fuel Cell 


System of the 
Invention of Figure 

1 ! 


Current Density of Cell (mA/cm 2 ) 


150 


150 


Volate (mV/cell) 


712 


750 


Number of cells 


323 


307 


Power Producing Capacity (kW) 


230 


230 


Amount of Metane Used (kg'mol/hour) 


1.91 


1.50 



20 



25 



30 



45 



SO 



55 



As is obvious from the data shown in this Table, the power-producing efficiency of the system of the 
present invention in comparison with the conventional system is 1.91/1.5 = 1.27. i. e.. 27 % higher than 
that of the conventional power generation system. 

Figure 5 through Figure 7 show still other embodiments of the reformer of the present invention. 

Figure 5 shows a modified reformer 28. and the cathode exhaust gas from the line 24 is introduced into 
the heating part 28b of the reformer 28 in order that the heat necessary for reformation in the refoming part 
28a may be obtained from the gas as taken out from the cathode chamber 4, whereas the gas which, has 
given the heat to the reformation reaction is then transported to the cathode chamber. 

Figure 6 shows another reformer 29. In this case, the heat necessary for reformation in the reforming 
part 29a of the reformer 29 is obtained from a combustion in the combustion part 29b. and for this, a part of 
the anode exhaust gas is introduced into the combustion part 29b as a combustion gas while a part of the 
air to be supplied to the cathode is introduced into the combustion part 29b via the tine 29c. whereupon the 
gas which has given the heat for the reformation reaction is then fed into the cathode. 

Figure 7- shows the internal reformation type fuel cell 30. in which the electrolyte tile 2 is sandwiched 
between the anode electrode 3a and the cathode electrode 4a. a plurality of anode/tile/cathode units are 
stacked via separator plates 31 with the reformer 32 being inserted in an arbitrary separator plate 31. Each 
separator plate 3t defines the anode chamber 3 on one face thereof and the cathode chamber 4 on the 
other face thereof. The anode gas reformed in the reformer 32 is supplied into the anode chambers 3 
through the line 8 formed inside the fuel cell, and the anode exhaust gas from the respective chambers 3 
are collected and discharged through the exhaust gas line 9. The cathode gas coming from the line 17 is 
distributed into the respective cathode chambers 4 and then flows into the line 24. 

in the internal reformation type fuel cell 30. the reformation reaction temperature is maintained by the 
heat derived from the anode gas in the anode chamber 3 contacting the reformer 32 and the heat derived 
from the cathode gas in the cathode chamber 4 which also contacts the reformer 32. Figure 8 shows an 
electric power-producing apparatus which employs the internal reformation type fuel cell 30 of Figure 7. The 
power-generation appratus of Figure 8 is same as that of Figure 1 . except that the reformer is located in the 
fuel cell in Figure 8. 

In the case of the conventional internal reformation type reformer as shown in Figure 10. ft is necessary 
that the reforming part is directly provided inside the anode chamber, since the efficiency for reformation of 
methane has to be raised. This means that the conventional type reformer has a drawback that the 
reforming catalyst is likely deteriorated by the electrolyte. On the contrary, since the efficiency for 
reformation of methane is not an important factor in the system of the present invention, the reforming part 
30a and the anode chamber 30b can be provided separately, as shown in Figure 8, and heat exchange may 
be effected indirectuly therebetween. Therefore, the longevity of the reforming catalyst is prolonged. 

The reformer shown in Figure 5 or Figure 6 may be employed in place of the reformer 5 of Figure 1 . In 
addition, various aqueous solutions of other amines or alkali metal salts or mixtures thereof may be 
employed as the carbon dioxide gas-absorbing solution, in place of the aqueous diethanolamine (DEA) 
solution. 

As mentioned above, the anode exhaust gas exhausted from the anode of the fuel cell is transported to 
the carbon dioxide gas separator and the carbon dioxide is separated from the exhaust gas. The residual 
gas not containing carbon dioxide gas is then fed into the anode of the fuel cell via the reformer, whereas 
the carbon dioxide gas is supplied into the cathode of the fuel cell together with air. Accordingly, the fuel 
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not used in the fuel cell may be efficiently recirculated and completely utilized for the cell reaction so that 
the power-producing efficiency is improv d. In addition, when methane is us d as a fuel, the carbon dioxide 
gas in the anode outlet gas may b separated and all the methane may be resirculated to the reformer. 
This means that the fuel utilization efficiency does not drop even though the methane reformation is low. 
5 Accordingly, a design of the reformer can be simplified. Moreover, the cathode inlet temperature may be 
raised due to combustion by a burner so as to further improve the fuel cell characteristics. In this case, the 
anode exhaust gas containing less amount of carbon dioxide is obtained so that an expensive catalyst 
combustion device is unnecessary. 

10 

Claims 

1. A method of producing electric power using a molten carbonate type fuel cell (1) wherein an anode 
gas is fed into an anode chamber (3) of the fuel cell (1) and a cathode gas is fed into a cathode chamber 

;s (4) thereof, characterized in that the method comprises the steps of: 

(A) separating carbon dioxide gas from an anode exhaust gas expelled from the anode chamber (3); 

(B) recirculating the anode exhaust gas from which carbon dioxide gas has been separated in the 
step (A), into the anode chamber (3) as the anode gas; and 

(C) feeding the carbon dioxide gas separated from the anode exhaust gas in the step (A), into the 
20 cathode chamber (4) as the cathode gas. 

2. The method of producing electric power using a molten carbonate type fuel cell (1) wherein an anode 
gas is fed into an anode chamber (3) of the fuel cell and a cathode gas is fed into a cathode chamber (4) 
thereof, characterized in that the method comprises the steps of: 

(A) introducing a fuel gas and steam into a reformer (5) of the fuel ceil so as to reform the fuel gas 
25 with the steam to give an anode gas containing Hb and CO and then feeding the resulting anode gas into 

the anode chamber (3) of the fuel cell (1); 

(B) allowing the non-reacted CO in the anode exhaust gas exhausted from the anode chamber (3) to 
react with steam to give carbon dioxide gas and hydrogen so as to shift up the concentration of carbon 
dioxide gas and hydrogen in the anode exhaust gas; 

30 (C) separating the carbon dioxide gas from the thus shifted anode exhaust gas; 

(D) recirculating the anode exhaust gas from which carbon dioxide gas has been removed in the step 
(C). to the anode chamber (3) via the reformer (5) as the anode gas; and 

(E) introducing into air the carbon dioxide gas as separated from the anode exhaust gas and the 
feeding the resulting mixed gases into the cathode chamber (4) as the cathode gas. 

as 3. A method of producing electric power with a molten carbonate type fuel cell (1) wherein an anode 
gas is fed into an anode chamber (3) of the fuel cell (1) and a cahode gas in fed into an cathode chamber 
(in) therof, characterized in that the method comprises the steps of: 

(A) introducing a fuel gas and steam into a reformer (5) so as to reform the fuel gas with the steam to 
give an anode gas containing H 2 and CO and then feeding the resulting anode gas into the anode chamber 

40 (3) of the fuel cell (1); 

(B) separating carbon dioxide gas from the anode exhaust gas as exhausted from the anode chamber 

(3) 

(C) recirculating the anode exhaust gas from which carbon dioxide gas has been removed in the step 
(B), to the anode chamber (3) via the reformer as the anode gas; and 

4 5 (D) introducing into air the carbon dioxide gas as separated from the anode exhaust gas and feeding 

the resulting mixed gas into a combustion device (27) while a part of the anode exhaust gas from which 
carbon dioxide gas has been removed is fed into the said combustion device (27) and is combusted therein 
and the outlet gas from the combustion device (27) is fed into the cathode chamber (4) as the cathode gas. 

4. The method of claim 1. 2 or 3, characterized in that the step (A) is effected by a vapour-liquid 
so contact of the anode exhaust gas with a carbon dioxide-absorbing liquid. 

5. The method of claim 4 as far as dependend on claim 2 or 3, characterized in that the anode exhaust 
gas is cooled prior to the vapour-liquid contact with the carbon dioxide gas-absorbing liquid, the steam in 
tile anode exhaust gas' is condensed and separated and thereafter the vapour-liquid contact of the anode 
exhaust gas with the carbon dioxide gas-absorbing liquid is effected. 

55 6. The method of claim 4 or 5. characterized in that the carbon dioxide-absorbing liquid is an aqueuos 
solution of an amine such as diethanolamine, aqueous alkali salt solution such as potassium carbonate or a 
mixture of the aqueous alkali salt solution and the aqueous amine solution. 

7. The method of one of the claims 4 to 6, characterized in that the carbon dioxide gas-absorbing liquid 
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which has absorbed carbon dioxide gas is isolated from a flow line of the anode exhaust gas while air is 
blown into the carbon dioxide gas-absorbing liquid which has absorbed carbon dioxide gas to release 
carbon dioxide gas from the liquid and the thus released gas which may be a mixture of carbon dioxide gas 
and air is fed to the cathode chamber (4) as the cathode gas. 
5 8. The method of one of the claims 1 to 7. characterized in that the anode exhaust gas or cathode 
exhaust gas is utilized as the heat source for maintaining the reforming temperature in a reformer (5). 

9. The method of one of the claims 5 to 8, characterized in that a part of the condensed water as 
separated is heated to a steam and is mixed with the fuel gas. 

10. The method of claim 1, characterized in that the fuel gas such as methane is reformed with steam 
to in a reformer (5) so as to obtain the anode gas and the anode gas is supplied into the anode of the fuel cell. 

and the anode exhaust gas from which carbon dioxide has been separated in the step (A) is fed in to the 
reformer (5) together with the fuel gas and steam and then recirculated to the anode chamber (3). 

1 1 An apparatus for producing electric power comprising: 
at least one molten carbonate type fuel cell (1). each fuel cell (1) including a molten carbonate-impregnated 
is electrolyte tile (2) sandwiched between an anode electrode (3a) and a cathode electrode (4a) which 
electrodes (3a. 4a) being provided with an anode chamber (3) and a cathode chamber (4) for feeding an 
anode gas and a cathode gas thereto, respectively: 

an anode gas feed line (8) and an anode exhaust gas line (9) connected with an inlet and an outlet of the 
anode chamber (3) of the fuel cell (1) for introducing and exhausting the anode gas thereinto and therefrom. 
20 respectively: and 

a cathode gas feed line (17) and a cathode exhaust line (24) connected with an inlet and an outlet of the 
cathode chamber (4) of the fuel cell for introducing and exhausting the cathode gas thereinto and therefrom, 

respectively: 

characterized in that the apparatus further comprises: 
25 means (7) for feeding a fuel gas and a steam into the anode gas feed line (8): and 

a reformer (5) for reforming the fuel' gas with a steam, as connected with the anode gas feed line (8). 

12. An apparatus according to claim 11 . further characterized by a carbon dioxide gas separator (13) for 
removing carbon dioxide gas from the anode exhaust gas in the anode exhaust gas line (9); 

a circulation line (14) for recirculating into the reformer (5) the anorde exhaust gas from which carbon 
30 dioxide gas has been removed in the carbon dioxide gas separator (13); and 

means (13c. 13d) for feeding the carbon dioxide gas separated in the carbon dioxide gas separator (13) into 
the cathode gas feed line (17). 

1 3. An apparatus according to claim 1 1 . further characterized by a shift reactor (25) connected with the 
anode exhaust gas line (9) for shifting the carbon monoxide gas and steam in the anode exhaust gas to 

35 carbon dioxide gas and hydrogen; and 

a carbon dioxide gas separator (13) including 

an absorption column (13a) in which the anode exhaust gas from the said shift reactor (25) is brought into 
contact with a carbon dioxide-absorbing liquid by vapour-liquid contact and the thus contacted gas is 
recirulated to the said reformer (5). and 

40 a regeneration column (13b) connected with the cathode gas feed line in which the carbon dioxide-absorbed 
liquid from the absorption column (13a) is introduced and the liquid is stripped with air as being fed from 
the cathode gas feed line (17) so as to release carbon dioxide gas from the liquid while the carbon dioxide 
gas-containing air is fed to the cathode chamber (4) and the liquid from which the carbon dioxide gas has 
been stripped and released is recirculated to the said absorption column (13a). 

45 14. An apparatus according to claim 11, further characterized by 
a carbon dioxide gas separator (13) including 

an absorption column (13a) in which the anode exhaust gas from the anode exhaust gas line (9) is brought 
into contact with a carbon dioxide-absorbing liquid by vapour-liquid contact and the thus contacted gas is 
recirculated to the said reformer (5). and 

so a regeneration column (13b) connected with the cathode gas feed line (17) in which the carbon dioxide- 
absorbed liquid from the said absorption column (13a) is introduced and the liquid is tripped with air (16) as 
being fed from the cathode gas feed line (17) so as to release carbon dioxide gas from the liquid while the 
liquid from which the carbon dioxide gas has been stripped and released is recirculated to the said 
absorption column {1 3a); and 

55 a combustion device (27) connected with the cathode gas feed line (17) between the regeneration column 
(13b) of the carbon dioxide gas separator (13) and the cathode chamber (4) in which combustion device 
(27) a part of the anode exhaust gas coming from the said absorption column (13a) to the reformer (5) is 
introduced and is combusted with the air (16) taken from the cathode gas feed line (17). so as to produce a 



8 



BP 0 376 219 A1 



cathode gas. 

15. An apparatus for producing electric power comprising: 
a stack of internal reformation type molten carbonat fuel cells (30). each fu I c II (30) including a molten 
carbonate-impregnated electrolyte tile (2) which is sandwiched by an anode electrode (3a) and a cathode 
5 electrode (4a) both of which electrodes (3a, 4a) being provided with an anode chamber (3) and a cathode 
chamber (4) for feeding an anode gas and a cathode gas thereinto, respectively; 

an anode gas exhausting line (9) connected with an outlet of the anode chamber (3) for expelling the anode 
gas: and 

a cathode gas feed line (17) and a cathode exhaust gas line (24) connected with an inlet and an outlet of 
10 the cathode chamber (4) of the fule ceil (30) respectively for introducing and discharging the cathode gas; 
characterized in that the apparatus further comprises: 

a reformer (32) provided between an arbitrary pair of anode chamber (3) and cathode chamber (4) for 
feeding a reformed gas into the anode chamber (3): 

a fuel gas and steam feed line (7) for feeding a fuel gas and a steam into the reformer (32) of the fuel cell 
15 (30); and 

a carbon dioxide gas separator (13) which comprises 

an absorption column (13a) in which the anode exhaust gas from to the anode exhaust gas line (9) is 
brought into contact with a carbon dioxide-absorbing liquid by vapour-liquid contact and the thus contacted 
gas is recirculated into the fuel gas and steam feed line (7) and 

20 a regeneration column (13b) connected with the cathode gas feed line (17) in which the carbon dioxide- 
absprbed liquid from the said absorption column (13a) is introduced and the liquid is stripped with air fed 
from the cathode gas feed line (17) so as to release carbon dioxide gas from the liquid while the carbon 
dioxide gas-containing air is fed into the cathode chamber (4) and the liquid from which the carbon dioxid 
gas has been stripped and released is recirculated to the said absorption column (13a). 

25 16. The apparatus as claimed in claim 11 or 12. characterized in that the carbon dioxide gas separator 
(13) includes an absorption. column (13a) in which the anode exhaust gas is introduced from the anode 
exhaust gas line (9) for conducting a vapour-liquid contact of the anode exhaust gas with a carbon dioxide- 
absorbing liquid and the thus contact-treated gas is discharged to a circulation line, and a regeneration 
column (13b) connected with the cathode gas feed line (17) in which the carbon dioxide-absorbed liquid 

30 from the absorption column is introduced and the liquid is stripped with air (16) fed from the cathode. gas 
feed line (17) so as to release carbon dioxide gas from the liquid while the carbon dioxide gas-containing air 
is fed to the cathode chamber (4) and the liquid from which the carbon dioxide gas has been stripped and 
released is recirculated to the said absorption column (13a). 

17. The apparatus as claimed in any one of claims 11 to 1£, characterized in that the anode exhaust 
35 gas line (9) extending from the anode chamber (3) to the absorption column (13a) is connected with 

condensing and separating means (12) for isolating the steam from the anode exhaust gas. 

18. The apparatus as claimed in any one of claims 12 to 17, characterized in that the anode exhaust 
gas or cathode exhaust gas in introduced into the reformer (5) as the heat source for maintaining the 
reforming temperature. 

40 19. The appartus as claimed in claim 12 or 18, characterized in that the condensing and separating 
means (12) is connected with a steam feed line (21) through which the steam converted from a part of the 
condensed and separated water by a heater (22) is recirculated to an upper stream part of the anode gas 
feed line (8) . 

20. The apparatus as claimed in claim 17 or 18, characterized in that the condensing and separating 
45 means (12) is connected with a steam feed line (21) through which the steam as converted from a part of 
the condensed and separated water by a heater (22) is recirculated to the fuel gas and steam feed line (7). 
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